M IN D O -Forces calculations are re p o rte d , after com plete geom etry optim ization, for 2-Xallyl cations and anions, w here X is O -, O H , N H 2, C H 3, N 0 2, C N , C F 3, F, CH O . In the case o f the allyl cation, it was found that the substituents 0~, O H , N H 2 are stabilizing, C H 3 is slightly stabilizing and all o th er substituents are destabilizing. In the case o f the allyl anions, all the su b stituents are stabilizing. It was found th a t the substituents C H 3, O -, C N show the am phielectronic behaviour. C alculations predict no (1,3) 7r interactio n in 2-substituted ally cations and anions.
Introduction
Recently [1] , we have shown that there is no (1,3) ^-interaction in the parent allyl cation, while the substitution of a methyl group on the center car bon atom of the allyl cation causes a little tendency for (1,3) ^-interaction [1] [2] [3] .
Much experimental [4] [5] [6] and theoretical [7, 8] work has been devoted to determining the impor tance of (1,3) ^-interaction in the allyl cation. Also, there has been recent interest in substituent reso nance effects [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] . A major concern is the form of the substituent response as the electron demand is altered in the attached pi-system [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] .
The aim of the present work is to study the effect of the substituents 0~, OH, N H 2, CH3, N 0 2, CN, C F3, F and CHO on the 2-position allyl cation and anion.
This paper reports the geometry, heat of forma tion and electron density of 2 -substituted allyl sys tems from calculations by the semiempirical MINDO-Forces method [24] , The molecular energy of the 2 -substituted allyl system obtained from the semiempirical MINDO/3 method [25] was com pletely minimized according to the Murtagh-Sargent minimization technique [26] . The derivative of the energy was calculated according to Pulay's Force method [27] , The program allows for a variation of the ß parameter with geometry in a consistent fashion. A similar basis set is used for the two pos sible ion states because we are concerned with com-R eprint requests to Prof. S. M. K halil, C hem istry D e p a rt m ent. College o f Science, U niversity o f M osul, M o su l/Ira k parisons between similar systems. A full discription of the program and its application is given in ref.
[24a],
R esults and D iscu ssion
The calculated heats of formation and electron densities of the 2 -substituted allyl system after com plete geometry optimization are given in Tables 1. 2 and 3. The geometrical parameters of the system are given in Figures 1 and 2 .
/. Effect of substituents on the allyl cation

Structural details:
The OH substituted on the centeral carbon atom of the allyl cation may be perpendicular to or in the plane of the cation. It was found that the latter position is more stable (Fig. 1) , similar by to the hydroxypyridine structure [24d].
The 2-amino allyl cation was found to be the most stable when the angle between the plane of the allyl cation and the plane determined by the N H 2 is 15° and the amino N is in the plane of the cation.
Introduction of a substituent into the 2-position of the allyl cation has little effect on the carboncarbon bond lengths and produces a small decrease in CCC ( Fig. 1 ) apart from F substituent, which is in agreement with ab initio calculations [2 0 ].
Stabilization by substituents:
The stabilizing effect of substituents is often assessed by using isodesmic reactions (conserve bond type) [20] , A positive heat of formation (Ta-0932-0784 / 87 / 0700-0761 $ 01.30/0. -Please order a reprint rather than making your own copy. Electron densities:
It can be seen from Table 2 , that the substituents 0~, OH, N H 2, CH 3, CN and F decrease the elec tron densities on the central carbon atom of the allyl cation and increase the electron densities on its terminal carbon atoms. That is. act as electron re leasing.
For the OH substituent, the electron densities on the three carbon atoms (Fig. 1) are almost equal, which may suggest that there is a little interaction between the terminal carbon atoms. But from the distance between the terminal carbon atoms (R ]3). as indicated in Fig. 1 , the possibility of the (1,3) ^-interaction can be neglected.
In the case of the electrons withdrawing substi tuents C F 3, N O i and CHO the electron densities decrease on the terminal carbon atoms and increase on the central carbon atom, opposite to the effect found for O ', OH. N H 2. CH 3, CN and F.
Effect of substituents on the allyl anion
Structural details:
Introduction of a substituent at the 2-position of the allyl anion has little effect on the carbon-carbon bond lengths and produces a small decrease in CCC (Fig. 2) apart from F substituent. This is similar to the result calculated in the case of the allyl cation.
Stabilization by substituents:
The stabilizing effect of substituents is also as sessed by using isodesmic reactions in a similar manner to that of 2-substituted allyl cations. The results (Table 4) show that all the substituents are stabilizing [19] .
Electron densities:
For the O" substituent the electron densities de crease on the three carbon atoms (Table 3) . which may be due to the high electronegativity of O-. This strongly suggests that the phenomenon of electron releasing depends on the system to which the sub stituent is attached, which is another support for our previous work [1] . The CHO substituent be haves as 0 ", i.e. it decreases the electron densities on the three carbon atoms of the allyl anion.
For OH. N H 2 and F substituents the electron densities increase on the terminal carbon atoms of the allyl anion and decrease on its central carbon atom. That is, they behave as electron releasing groups.
For the rest of the substituents, it was found that there is a decrease in the electrons density on the terminal carbon atoms of the allyl anion and an in crease on the central one. That is. they behave as electron withdrawing. Therefore CN. 0~, CH3 show the amphielectronic behaviour. They thus act as electron releasing and withdrawing depending on the electron demand [1] , [18] , [28] [29] [30] .
The distances R l3 between the terminal carbon atoms of the allyl anion and 2 -substituted allyl anions (Fig. 2) are large enough to rule out the pos sibility of (1,3) ^-interaction.
It can be concluded from this work that the phenomenon of electron releasing or withdrawing depends on the systems to which the substituent is attached and that the possibility of (1.3) ^-interac tion between the terminal carbon atoms in 2 -substituted allyl system is not significant. 
